Background: Intussusception represents as the invagination of a part of the intestine into itself and is the most common cause of intestinal obstruction in infants and children between 6 months to 3-years-old. Objectives: The objective of this study was to determine the recurrence rate and predisposing factors of recurrent intussusception.
Background
Intussusception represents as the invagination of a part of the intestine into itself and is the most common cause of intestinal obstruction in infants and children between 6 months to 3-years-old (1) (2) (3) . Although intussusception can occur at any age, it is often observed in population lower than two years old and includes 80-90% of cases (3) . The etiology of most intussusceptions is not known and an identified disease trigger or a pathologic lead point could not be determined in more than 90% of cases (4) (5) (6) (7) (8) (9) . The recurrence rate of intussusception is 8% to 15% (10, 11) and it is observed more in non-surgical reduction than surgical reduction (10) . There are controversies about the treatment of recurrent intussusception, some suggested operative intervention after the first and second recurrence, whereas, others recommended each recurrence should be handled as though it was the first episode (12, 13) so choice treatment of recurrent intussusception is unknown (10).
Objectives
The present study aimed to review childhood intussusception based on hospital data from referral tertiary pediatric center in North Iran in a 12-years-old period to determine the recurrence rate and compare the recurrence and non-recurrence subjects for recognizing the predisposing factors in childhood recurrent intussusception.
Patients and Methods
This investigation was a retrospective descriptive study conducted at Amirkola Children's hospital, a tertiary pediatric department, as only referral center in Northern Iran (Mazandran province). The studied cases included children below 13-years-old of age with definite diagnosis of intussusception who were hospitalized and treated from September 2001 to October 2013. Data were extracted from medical records with ICD-9-CM code 560.0. Information collected included gender, age, season of presentation, clinical symptoms and signs, duration of symptoms, recurrent intussusception, method of treatment, and outcome. We analyzed cases of recurrent intussusception to determine predisposing factors for recur-rence. For data analysis chi square, Fisher, Mann-Whitney and t-test were used. A P < 0.05 is considered as significant.
Results
During a 12-year period, from 2001 to 2013, 294 episodes of intussusception were confirmed in 237 patients. Thirty eight from 237 children had more than one episode, so overall recurrence rate was 16% (38/237). The recurrence rates were 16.4% (19/116) in children less than one year old, 14.5% (10/69), 22.2% (6/27) and 12% (3/25) in children 1 to 2, 2 to 3 and over 3-years-old respectively. There was no difference in the recurrence rates between male and female children (14.4% vs. 18.7%, P = 0.51). Number of recurrences ranged from one to 7 times. The highest number occurred in one boy. He was 7 months old in the first episode and treated by surgical reduction six times and also by barium enema (BE). In recurrent group, interval time for each recurrence was 1 day to 4.9 years. Forty of 56 (71%) recurrent episodes occurred within six months, 19 (34%) of which were observed in the first 24 hours (Table 1) . BE was successful 72.7% in the first episode, the recurrence occurred in 29 (23.5%) of reduced cases by BE and in 5 (5.7%) cases by operative reduction (P < 0.001). Surgery was performed in 36.7% of patients in the first episode, of whom 5 were of recurrence and 82 of non-recurrence group (11.1% vs. 40.8%, P = 0.005). The surgical intervention was done in 47.8% of infants of less than one year old and 31.7% of children more than one year old (P = 0.004). The outcome in the four first episodes is shown in Figure 1 . In the first episode, the average of duration of symptoms (from presentation to intervention) was 26.91 ± 28.7 hours in cases reduced by BE versus 42.7 ± 65.8 hours in children treated by operative reduction (P = 0.02). The symptom length in failed BE was 38.25 ± 73.3 hours, there was no significant difference in mean of symptom length between failed and reduced BE cases (P = 0.09).
The mean age of children with intussusception was 19.57 ± 19.43 months in the first episode and it was 20.25 ± 20.4 months in boys and 18.47 ± 17.7 in girls (P = 0.49); patients less than one year old comprised 48.9% at the time of the first episode ( Figure 2 ). Age of recurrent cases at initial onset of intussusception ranged from 3 months to 6.8 years (18.74 ± 15.3 months) and non-recurrent group was 19.72 ± 20.1, the median age between two groups showed no significant difference (P = 0.77).
Intussusception occurred in males more than in females (62.3% vs. 37.7%, P > 0.0001) and male to female ratio was 1.65; it indicated an increasing trend from 1.52 in the first year of life to 3.5 in children more than 5 years old ( Figure 3 ). There was no significant difference between recurrence and non-recurrence groups in terms of gender (P = 0.38).
Pathological leading points (PLPs) were observed in 5 (2.1%) children; 2.6% in recurrence group versus 2% in non-recurrence group (P = 0.91). Three of these had ileal polyp, the rest were associated with lymphoma and Mackle's diverticulum. The mean age in children with PLPs was 59 ± 54.5 versus 18.73 ± 17.3 months in children without PLPs (P = 0.08). In general, PLPs were less in children aged 3 months to 5 years old compared to the rest of children (1.4% vs. 13.3%, respectively, P = 0.02). Seasonal variations of occurrence of intussusception occurred (P = 0.03) more (59.1%) in spring and summer. The seasonal distribution did not differ between recurrence and non-recurrence group (P = 0.56). Also there was an association between occurrence intussusception with recent infections such as URI (P = 0.001) and gastroenteritis (P = 0.001) but there was no difference between the two groups in terms of URI (P = 0.92) and gastroenteritis (P = 0.64). 
Discussion
For a successful and suitable management of childhood intussusception, it is important to recognize intussusception pattern and recurrent episodes as a sequel after the first intussusception plus its risk factors, so this study has been carried out for the first time involving the highest number of Iranian children with intussusception.
In our study, recurrence rate of intussusception was 16%. It seems recurrence rate was slightly high because some reports noted the overall incidence with 8% to 15% (14-17). Ksia et al. reported a total rate of 2% to 20% (18) . The difference of recurrence rate could be due to the method of calculation, because in some studies, the recurrence rate was calculated as a percentage of the recurrent cases (15, 17, (19) (20) (21) (22) , or the percentage of the recurrent episodes from the total subjects (10) . The recurrence rate of intussusception was 10% to 15% after non-operative reduction (12, 15, 16, 23, 24) and 0 to 4% after operative reduction (25) . Table 2 shows recurrence rates in several studies. The rate of recurrent intussusception can be related to higher failure after BE in our study than in some other studies as well as the lack of access to air enema (AE) because AE is more (84%) effective (26) and the use of AE is associated with lower recurrence than BE (15, 24, 27, 28) . Also, perhaps the absence of skilled pediatric radiologist at the time of reduction in some cases led to high recurrence rate.
Epidemiologic studies found the risk of recurrence to be lower in children receiving operative reduction than nonoperative reduction (10, 20) . This is in agreement with our study. It is possible that adhesion created in intestines to surrounding tissues with operative reduction reduced recurrence of intussusception (10, 20) . We found recurrence rate was high in children 2 to 3-years-old of age than in other age groups. Our findings that 1) children 2 to 3 years old had fewer surgery, 2) surgical reduction was more common in children less than one year old had lower recurrence rate, explains the high rate of recurrence in this group.
In the present study, there were 5 (2.08%) cases with PLPs that was relatively low. Cases had intestinal polyp and lymphoma as well as Mackle's diverticulum. PLPs are observed in 25% of patients in all age groups (children and adults) (3) and 1.5% to 12% of children with intussusception (15, 26) . PLPs are more common in infants less than 3 months old and children over 5-years-old (3). In current study only 5.6% of cases were in this age group. This can be a reasonable cause for the low rate of PLPs. We observed a case with PLPs in recurrent group, he had 4 episodes, three recurred after BE and the last one after surgery. Although previous studies showed 19% of children with two or more episodes and 4% of the children without recurrence (3), 9.3% of recurrent group and 3.8% of non-recurrent group had PLPs (10) but data from a retrospective review showed no recurrence occurred because of PLPs (18) , in agreement with our results. Hsu et al. found that the rate of PLPs was 2.2% (15/686) and all were diagnosed in the first episode and children more than 5 years old were at the highest risk of presence of PLPs (21) . So despite presence of PLPs that were observed in recurrence of intussusception, it may occur in idiopathic intussusception too (3) . Our data suggested PLPs were more common in older children (> 5-years-old) and not associated with recurrence. Thus we agree with the demand that each recurrence should be managed as the first episode and operative reduction should be considered for failure of non-operative reduction, suspected presence of PLPs, and peritonitis signs (3, 10, 18, 20) . In a series, common PLPs were Meckel diverticulum, intestinal polyp, small bowel lymphoma, and duplication cysts (3) and in another report intestinal polyp and Meckel diverticulum (10) that is consistent with our study.
Our success rate by BE was 72.7%. The published rates of success enema reduction vary widely in the literature. The average of successful enemas is 75%. A report presented success rate of 80-95% after non-operative reduction, on the other hand, rates from 46% to 63.6% are reported in some published literature (10, 31, 32) . One reason for this low success rate may be related to delay in presentation to a tertiary pediatric care. Our data showed duration of symptoms was lower in children reduced by BE than in others. The higher symptom length was, the higher likelihood of BE failure and operative intervention was. It is suggested that AE may be better for the patients with duration of symptoms over 24 hours (31). Unfortunately we did not have access to AE. We found, in agreement with some studies, a slight predominance of intussusception in male gender, with male to female ratio of 1.3-2 to 1, rising gradually by age (2, 3, 20, 33) . Chen et al. (20) believed intussusception manifested later in boys than in girls and the difference in onset time between the two genders may explain the male dominance. In our study, although the mean age in the initial onset of intussusception was higher in boys, the difference was not significant. Thus, the exact reason for gender difference remains unclear.
Our study showed that the frequency of intussusception increased rapidly after the first three months of life and its increase continued up to 30 months. After this period, a plateau pattern was observed in the frequency of intussusception. These findings are in agreement with epidemiological studies in Taiwan, Switzerland and Phoenix (20, 25, 34) . In our study, nearly 50% of children with recurrence of intussusception were younger than one year at the first episode and it decreased to 7.9% in older children. 71% of recurrences developed within 6 months of the initial onset, thus it can be concluded that intussusception is more common in the first year of life and the recurrence of intussusception decreases after the toddler period, that is consistent with some other studies (10, 25, 33, 35, 36) . There were controversies about seasonal variation of the occurrence of intussusception. Our findings showed seasonality of intussusception but had no effect on the recurrence of intussusception. Several studies found no seasonality of intussusception (25, 33, 36, 37) while some reported seasonal variation (20, 35) . Some noted that viral triggers such as viral gastroenteritis, viral illness (URI, flu-like symptoms) may induce intussusception (3) and younger children may have greater exposure to these factors, or be more sensitive to them. The recurrence of intussusception was related to the method of reduction, as it was more in those children treated by BE than operative reduction. The majority of recurrences were idiopathic. Recurrent intussusceptions were not associated with PLPs; consequently, medical intervention for recurrent intussusception should be similar to the first episode and initially managed by nonoperative reduction.
